A magnetic bead protocol and a standard centrifugation protocol yielded Mycobacterium tuberculosis in 40/50 sputum specimens in 12 ؎ 1 days and 11 ؎ 2 days, respectively (P > 0.05 by Student's t test). Manipulation took 35 ؎ 5 min and 45 ؎ 10 min, respectively (P < 0.05). The magnetic bead protocol could advantageously replace centrifugation for culturing M. tuberculosis from sputum.
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W
ith an estimated 1.2 to 1.5 million deaths in 2010, pulmonary tuberculosis is the second leading cause of death due to infectious diseases worldwide (1) . Its diagnosis relies on isolation and culture of the causative Mycobacterium tuberculosis from sputum specimens. Therefore, sputum specimens need to be decontaminated and concentrated before their inoculation in an appropriate culture medium (2) . This is done by centrifugation of the specimen, a technical step requiring specific equipment and potentially exposing laboratory staff to infectious aerosols (3) . None of the proposed alternative protocols (4, 5) has been routinely implemented in laboratories. Recently, magnetic beads have been developed to bind specifically to mycobacteria, including both nontuberculosis mycobacteria and M. tuberculosis. These beads were favorably evaluated for increasing the sensitivity of microscopy examination of sputum (6, 7) . Here, we evaluated the magnetic bead protocol for culturing M. tuberculosis in sputum specimens in parallel to the standard centrifugation protocol.
Middlebrook 7H10 medium was prepared according the supplier recommendations (Becton Dickinson, Le Pont de Claix, France). After sterilization by autoclave, the oleic-albumin-dextrose-catalase (OADC) growth supplement (Becton Dickinson) and a mixture of antibiotics and an antifungal were added to sterilized Middlebrook 7H10 medium, and this complemented medium was poured into 90-mm petri dishes (Dominique Dutscher, Brumath, France). Fifty sputum specimens, including 16 specimens exhibiting acid-fast bacilli on microscopy observation, were prospectively included in this study. All specimens had been submitted to our laboratory for the routine detection of tuberculosis. All manipulations were performed in a biosafety level 3 laboratory. Prior to inoculation, all specimens were dispatched into two aliquots and decontaminated using the 4% N-acetyl-L-cysteine (NALC)-NaOH method (8) in the BD MycoPrep specimen digestion/decontamination kit (Becton Dickinson). One aliquot was centrifuged for 20 min at 5,000 ϫ g according to our standard protocol, and the second aliquot was treated with the magnetic bead protocol according the supplier recommendations (TbBeads; Microsens Medtech Ltd., London, United Kingdom). Briefly, 2 ml of bead solution was added to 2 ml of sputum diluted with phosphate-buffered saline (PBS) (bioMérieux, Marcy l'Etoile, France) and incubated for 2 min at room temperature. The tube was then placed into a magnetic rack (Microsens) and left to allow the beads to collect to the side of the tube for 1 min. Leaving the tube in the magnetic rack, the liquid was pipetted into waste, and then the tube was removed from the magnetic rack and beads were resuspended into 2 ml of washing solution (0.04% NaOH). The tube was then replaced in the magnetic rack, and the liquid was pipetted away. After washing, 100 l of an acidic buffer (pH measured at 5.5) was pipetted into the tube, and the beads were rigorously resuspended in order to release mycobacteria. To elute, 200 l of sterile mycobacterium-free water was pipetted into the tube and mixed. The beads were pulled to one side of the tube using the magnetic rack, and the bead-free liquid was pipetted into a sterile tube and used as decontaminated sputum specimen. Regardless of the protocol, a 100-l volume of decontaminated sputum specimen was then inoculated and incubated at 37°C for up to 20 days under a 5% CO 2 atmosphere. Plates were examined by naked eye every 2 days for the detection of colonies. Colonies were identified by using matrix-assisted laser desorption ionizationtime of flight mass spectrometry (9) . The working time, expressed in hours, was measured on a set of 10 manipulations for both protocols. Comparisons were statistically assessed using Student's t test, and a P value of Ͻ0.05 was considered significant.
No contamination was observed in any specimen regardless of the protocol, and 10/50 specimens (20%) yielded no colony. M. tuberculosis grew in 40/50 specimens (80%) in 11 Ϯ 2 days using centrifugation and 12 Ϯ 1 days using beads (P Ͼ 0.05). For 16 specimens exhibiting acid-fast bacilli on microscopy, M. tuberculosis grew in 7.5 Ϯ 1 days using centrifugation and 8 Ϯ 2 days using beads (P Ͼ 0.05); for 24 specimens negative in microscopy, M. tuberculosis grew in 12 Ϯ 1 days using beads and 13 Ϯ 2 days using centrifugation (P Ͼ 0.05). The manipulation times were 35 Ϯ 5 min for the bead protocol and 45 Ϯ 10 min for the centrifugation protocol (P Ͻ 0.05).
The data reported here, verified by use of negative controls, indicate that a magnetic bead protocol could be used for the decontamination and concentration of sputum specimens for culturing M. tuberculosis. Indeed, culture results obtained using the magnetic bead protocol were concordant with those obtained by using the standard centrifugation protocol in parallel. Moreover, no significant difference was found in the times to positivity of culture of the two protocols. Interestingly, the magnetic bead protocol replaces the centrifugation of sputum specimens, which is always a harmful step when dealing with clinical specimens potentially contaminated with airborne pathogens, such as M. tuberculosis (3). Accordingly, laboratory staff in contact with tuberculous specimens have been found to be significantly more frequently positive for tuberculosis than the general population (3, 10) . While clinical specimens can be manipulated in a biosafety level 2 laboratory, cultures of M. tuberculosis have to be handled in a biosafety level 3 laboratory (11) . Also, the magnetic bead protocol replaces the centrifuge, which is an expensive, technically demanding instrument infrequently available in developing countries. Instead, the magnetic bead protocol requires only a basic manual magnetic rack and storage at room temperature away from any magnetic source. Comparing the turnaround times for manipulation indicated that the magnetic bead protocol was more rapid than the standard centrifugation protocol.
For evaluating the relative costs of the two protocols, depreciation of instruments was calculated for 5 years and costs for labor and reagents were added. For the standard centrifugation-based protocol, the cost was estimated to be ca. 8.80 euros per specimen, while the estimated cost for the magnetic bead protocol was ca. 8.06 euros. This observation is interesting for laboratories manipulating a large number of specimens, such as in countries where tuberculosis is more prevalent. The magnetic bead protocol has previously been favorably evaluated for the direct microscopic examination of M. tuberculosis in sputum specimens (6, 7) , and the observations reported here expand these data to culture. A recently described similar bead technology, called TRICORE, also demonstrated the advantages of this technology to recover mycobacteria from sputum specimens prior to culture in solid medium (12) .
In conclusion, the magnetic bead protocol is a technically nondemanding protocol which offers a suitable alternative to the standard centrifugation protocol for the preinoculation steps with sputum specimens for culturing M. tuberculosis. It allows quick performance of these preinoculation steps while limiting the exposure of laboratory personnel to potentially hazardous aerosols. It could be easily implemented in laboratories in both developed and developing countries.
